(19) 



(12) 



Europaiscljej'P atef^ 
European Patent Office 
Office europeen des IvevetG 



(43) Dale of publication: 

02.01.1997 Bulletin 1997/01 



(11) EP0 751 514 A2 

EUROPEAN PATENT APPLICATION 

(51) intci €; G11B 19/28 



(21) Application number: 96304682,6 

(22) Date of filing: 25.06.1996 



(84) 


Designated Contracting States: 


• Wada, Yasuhiro 




DE FR GB 


Kasugd<$hl (JP) 






* Kasliiwabara, Yoshiro 


(30) 


Priority: 26.06.1995 JP 158993/95 


Kasuga-shi (JP) 




03,07.1995 JP 167217/95 


• Umeda, Keisuke 






Chiku«hi-gun, Fukuoka-lcen (JP) 


(71) 


Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 






CO., LTD. 


(74) Representative: Votler, Sidney David 




Kadoma-shi OsaIca (JP) 


CARPMAELS & RANSFORD 






43, Bloomsbury Square 


(72) 


Inventors: 


London WC1 A 2RA (QB) 




Kusano, Taizou 






Futcuoka-shi (JP) 





(54) Optical disk recording and reproducing method and apparatus therefor 



CM 
< 

LO 
LO 

O 

Q. 
UJ 



(57) An optical disk apparatus which can with high- 
speed access and low power consumption reproduce 
data recorded thereon at constant linear velocity and 
which, if used as a writable type, can record data by us- 
ing CAV control and CLV control in combination, with 
much improved high-speed access and low power con- 
sumption. The optical disk apparatus comprises a re- 
produced signal detector (4) which digitizes a repro- 
duced signal from an optical disk (1 ), a broadband syn- 
chronizing clock signal generator (9) for generating a 
synchronizing clock signal for use in reproducing data, 
a signal processor (16) for processing signals, and a 
disk rotation controller (15) for controlling the optical 
disk by switching control modes according to the repro- 
ducing position of the disk, that is, performing CAV con- 
trol using the constant rotating velocity which is the 
same as The current rotating velocity in a range where 
the synchronizing clock signal generator allows a repro- 
duced signal to be subjected to pull-in-synchronization, 
and performing CLV control so that the linear velocity is 
constant to minimize the pull-in-enable changes of 
number of revolu- tions in a range exceeding the pull- 
in -synchronization range, by which arrangement the 
amount o1 change of number of spindle motor revolu- 
tions when the reproducing position of the optk;al pickup 
changes is minimized, thus further reducing povyer con- 
sumption and access time. The optical disk apparatus 
comprises a selector (43) to switch over the control sys- 
tems, and area dividing means (45) to manage the di- 
vided areas, and while switching over CAV control arKi 
CLV control, records data, and varies the divided areas 



or the number of divided areas in CAV control according 
to recording capacities, so that lower power consump- 
tion and higher-speed access can be realized. 
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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to an optical disk apparatus which serves as an external memory unit or a data file 

for a computer to record and reproduce a large quantity of data at high speed. 

Research and development are briskly under way for more wider applications and hfgher performance of the optical 
disk, being a recording medium with a high recording density and hence with a very large storage capacity As an 
example of its application, the CD-ROM drive units are finding wide acceptance for use in computers to reproduce data. 

to The CD-ROM drive unit is an applicatbn of the music-playback compact disk (CD) for use as a read-only memory 

Operated under the system for reproducing data at a constant linear velocity (CLV), the 12-cm-dlamoter optical disk 
is used as a recording medium with a large memory capacity of about 600 M bytes. In addition to the read-only CD- 
ROM, other products emerging from the development efforts are the CD-WO of write once type and the CD-R which 
IS rewritable a number of times. 

fs> Description will first be made of the conventional optical disk apparatus for reproducing data at a constant linear 

velocity (CLV) by taking the CD-ROM drive unit as an example. Fig. 18 Is a block diagram of the conventional optical 
disk apparatus. In Fig, 18, data recorded in string form on an optical disk 1 is read by an optical pickup 2, while a servo 
controller 3 causes the pickup 2 to follow the runout and eccentricity of the opticai disk 1 . The data signal Is detected 
and digitized by a reproduced signal detector 4 into a binary signal. 

20 A maximum time span detector 22 detects the maximum time span (11 channel clocks long with a CD-ROM) of 

the bit pattern frcmr) the reproduced signal, and then compares the maximum time span with acount calculated according 
to output of a first reference oscillator 21 . Since the maximum time span corresponds to the linear velocity in repro- 
duction, If the result of comparison shows that the maximum time span is shorter than the linear velocity, the maximum 
time span detector issues a rotation control signal to increase the rotating velocity o1 the disk spindle motor 7, or If the 

2S maximum time span is longer, issues a rotation control signal to decrease the rotating velocity of the spridle motor. A 
spindle driver 8 drives a spindle motor 7 in response to a rotation control signal. 

A synchronizing clock generator 9 for generating a synchronizing clock for the reproduced signal roughly controls 
the rotating velocity of the spindle nrv^tor 7 so that the reproduced signal comes within a range in which it can be pulled 
into synchronism. For this synchronizing clock generator 9, a circuit generally called a phase kx^ked loop (PLL) is used. 

30 The PLL circuit includes a phase comparator 11a which compares the phase of a binary reproduced signal with the 
phase of output of a voltage controlled oscillator (hereinafter called VCO for short) 10 and outputs a phase difference 
signal, a loop filter 12 which removes high-frequency noise of the phase difference signal and decides the response 
characteristics of the PLL, and a VCO 10 varies the oscillation frequency of output clock according to output voltage 
of the loop filter 1 2. Thus, the PLL generates a synchronizing clock for reproducing data. As described, after the rrxjlor 

35 velocity is roughly controlled, the synchronizing clock generator 9 pulls the reproduced signal into synchronism and 
generates a synchronizing clock for use in reproducing a recorded signal 

in the optical disk 1 , a data string called a frame is recorded in every block, and at the leading end of each franrie, 
two bit patterns with the maxnnum time span are recorded consecutively, which are called a frame synchronizing signal. 
After the synchronizing clock generator 9 has pulled the spindle velocity into the pull-in enable range, for control of the 

40 rotation of the optical disk 1 , the frame synchronizing signal is controlled so that its intervals are constant to make the 
optical disk 1 rotate at constant linear velocity (CLV) precisely 

The operation of rotation control of the optical disk 1 by a frame synchronizing signal will be described in great 
detail. A frame detector 1 9 detects a frame synchronizing signal based on a synchronizing clock generated from a 
binary reproduced signal. Since the frame synchronizing signal is generated with a period corresponding to the linear 

45 velocity during reproduction, a phase comparator lib detects a phase difference between the frame synchronizing 
signal and the phase of output of a second reference osciltator 20, and controls the spindle motor so that the period 
of the frame synchronizing signal is constant The two portions enclosed by the long and short dash lines in Fig. Fig. 
1 8 are respectively referred to as a synchronizing ck^ck generator 9 and a disk rotation controller 15. 

Fig. 19 is a diagram showing the relation between the disk radial position and the rotating velocity under a con- 
ventional 4-foid-accele rated constant linear velocity (CLV) control As shown in Fig. 19, even if the reproducing position 
changes with the radial movement of the optical pickup 2, the iinear velocity is precisely controlled so as to be always 
constant as the number of disk revolutions is controlled so as to continuously vary with changes of the reproducing 
position on the optical disk 1 by means of the synchronizing clock generator 9 and the disk rotation controller 1 5. The 
relation between the disk radial position and the number of disk revolutions when the linear vekx^ity is to be constant 

^ is obtained by the following equation. 

N = (60nV)/(2Kr) Eq, (A) 
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where 

N : number of revolutions [rpm] 
n : n-lold standard velocity 
5 V : disk linear velocity at standard velocity [m/sec] 
r : radial position on the disk [m) 

\n the conventional configuration mentioned above, however, in the event that the disk radial positions from 25 
mm to 50 mm are accessed using Fig. 19, if the disk, which rotates at standard linear velocity of 1.3 m/sec, is driven 
10 at a velocity four times the standard velocity, the number of revolutions for the linear velocity to be constant at the disk 
radial positrons of 25 mm and 50 mm Is 1 986 rpm and 993 rpm, respectively, as cak^ulated from Eq. (A), It follows 
therefore that when the disk is accessed from the radial position of 25 mm to 50 mm, data cannot be reproduced 
correctly unless the number of revolutions is decreased from 1966 rpm to 993 rpm. 

IS (1 ) Since the linear velocity must be made constant, when the reproducing posrtkxi of the optical pickup varies as 

in a seek, a considerable delay occurs until the rotating velocity of the spindle motor varies to follow the changes 

of the pickup position, with the result that access time has to be excessively long. 

(2) In order to quickly vary the rotation of the spindle motor, a large torque is required, so that a large amount of 
power is consumed, heat is generated In the spindle motor and It is difficult to reduce the size of the apparatus. 

In JP-A-6'119710, a method is proposed, wherefn data is demodulated according to the clock signal used when 
data was reproduced, so that during a seek, the rotating velocity just before the seek is maintained and when the 
optical pickup arrives the target position, data starts to be reproduced and the disk rotating velocity is gradually matched 
to a specified linear vekx^ity. 

25 Nevorthetcss, because the rotating velocity of the spindle motor increases as the data transfer rate is increased, 

the atK>ve-m6ntioned problem has yet to be solved drastically. 

The present invention has been made to solve the conventional problem and has as its object to propose an optical 

disk recording method and an optical disk apparatus, which reproduce with high-speed access and reduced power 

consumption the data recorded on the optical disk at a constant linear vek>city (CLV) and, when the optical disk is used 
30 in the fomn of a writable disk, data is recorded on the optical disk using a combination of CAV control and CLV control 

with greater advantages of high-speed access and low power consumption. 

SUMMARY OF THE INVENTION 

55 To achieve the above object, the disk apparatus according to the present invention comprises a broadband syn- 

chronizing clock generator and a disk rotation controller which controls the disk rotation according to the reproducing 
position of the disk, more specifically, controls the rotating velocity at constant angular velocity (CAV) using the current 
rotating vetocity in a pull-in enable range of the synchronizing clock generator and, on the other hand, at constant linear 
velocity (CLV) to mininruze rotating-speed changes, which alkDWtiie reproduced signal to be pulled into synchronism, 

^t? smaller than the rotating velocity used heretofore in a range exceeding the pufl-in enable range. 

Under this arrangement, when data is reproduced on the optical disk, even if the reproducing position on the optical 
disk changes, the rate of change of the number of motor spindle revolutions can be minimized, and therefore the spindle 
motor can be driven with low power consumption and access time can be reduced. 

In addition to the above-mentioned components, the disk ajiparatus according to the present invention further 

^ comprises a selector to switch over the control circuits for CAV control and CLV control, and recording area dividing 
means for controlling the subdivided areas, whereby data is accessed by switching over CAV control and CLV control, 
and in CAV control, the subdivided areas and the number o( division are made variable to make possible low power 
consumption and high-speed access. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the optical disk in a first embodiment of the present invention; 

Fig. 2 shows the relation between the optical disk radial position and the rotating velocity in constant linear velocity 

(CLV) control; 

ss Fig. 3 is a block diagram of the optical disk apparatus In a second embodiment of the present invention; 

Fig. 4 is an operation flowchart in the second embodiment; 

Fig. 5 is a block diagram of the optical disk apparatus in a third embodiment of the present invention; 

Fig. 6 shows the relation between the optical disk radial position and the rotating velocity capable of data repro- 
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duction when maximum and minimum linear-velocity optical disks are used to reproduce data; 
Fig 7 shows the relation between the optical disk radial position and the rotating velocity c^Dable of data repro- 
duction when maximum linear-velocity optical disks are used to reproduce data; 

Fig, 8 shows the relation between the optical disk radial position and the rotating velocity capable of data repro- 
5 duction when minimum linear-velocity optical disks are used to reproduce data; 

Fig. 9 is a block diagram o1 the optical disk apparatus in a fourth embodiment of the present invention; 

Fig. 1 0 shows the relation between the disk radius and the rotating vetocity in the fourth embodiment of the present 

invention; 

Fig. 11 is a rotation control flowchart in the fourth embodiment of the present invention; 
^0 Fig. 12 shows the relation between the disk radius and the rotating velocity in a fifth embodiment of the present 

invention; 

Fig. 1 3 is a diagram showing subdivided recording areas of the c^tical disk 1 4 in a sixth embodiment of the present 
invention; 

Fig. 14 shows the relation between the subdivided recording areas and the angular velocity in the sixth embodiment 
^5 of the present invention; 

Fig, 1 5 shows the relation between the disk radius and the rotating velocity in a seventh embodiment of the present 

invention; 

Figs. 16A and 16B show the relation between the subdivided areas and the angular velocity in the seventh em- 
bodiment of the present inventkxi; 
20 Fig. 17 is a flowchart for explaining the correcting operation of the subdivided recording areas In the seventh 

embodiment of the present invention; 

Fig. 18 is a block diagram of the conventional optical disk apparatus; and 

Fig. 19 shows the relation between the optical disk radial position and the rotating velocity in the conventional 
4-fold-accelerated constant linear velocity (CLV) control. 

2S 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Eml)od!ment 1 ) 

30 Referring to the accompanying drawings, a first embodiment of the present invention will be described Fig 1 is a 

b\ock diagram of the optical disk apparatus according to a first embodiment o1 the present invention. Reference numeral 

1 denotes an optical disk on which data has been recorded at constant linear velocity (CLV). 2 denotes a servo controller 
for causing the optical pickup 2 to follow the runout and eccentricity of the optical disk 1 , 4 denotes a reproduced signal 
detector for digitizing the signal reproduced from the pickup 2, 7 denotes a spindle motor which rotates with an c^ticat 

^5 disk mounted thereon, 5 denotes an encoder for generating an analog rotation signal in accordance with the motor 
spindle rotation, 6 denotes a waveform shaper for digitizing the analog rotation signal, 1 3 denotes a number of revo- 
lutions command generator (corresponding to a processor such as a CPU) for calculating a number of revolutions 
according to the reproducing position on the disk and issuing a number of revolutions command. 14 denotes a pulse 
generator for generating rotation control pulses from the output of the number of revolutions command generator 1 3, 

40 and lib denotes a phase comparator for detecting a phase difference between the output of the pulse generator 14 
and the output of the waveform shaper 6. The waveform shaper 6, the phase comparator lib, the number of revolutions 
command generator 1 3 and the pulse generator 14, which are enckssed by the long and short dash line, are collectively 
called a disk rotation controller 15. 

Additionally, reference numeral 8 denotes a spindle driver for driving the spindle motor 7 by the output of the phase 

45 comparator lib, 10 denotes a VCO of a variable wide-band range type for outputting a clock signal while varying the 
oscillation frequency of the clock signal by the input voltage as a control signal. Ha denotes a phase comparator for 
comparing the binary reproduced signal and the output o1 the VCO and outputting a phase difference signal, 12 denotes 
a loop filter for removing high-frequency noise from the phase difference signal and thus deciding the response char- 
acteristics of the synchronizing clock generator 9, and 1 6 denotes a signal processor lor writing a received data string 

^ into memory, demodulating the data, subjecting the data to an error correction process, and sending data to an external 
circuit. The VCO 10, the phase comparator 11a, the loop filter 12. enclosed by the long and short dash line, are col- 
iectively called a synchronizing clock generator 9. 

The operation of the optical disk apparatus configured as described will be described with reference to Fig. 2. Fig. 

2 is a diagram showing the relation between the optk^al disk radial position and the rotating velocity in constant linear 
ss velocity (CLV) control adapted to from 3-fold- to 5-fold -accelerated disk rotation, in this optical disk apparatus, the VCO 

1 0 has an oscillation control range variable for a wide -band of over ±25%, and the synchronizing clock generator 9 is 
capable of generating synchronizing clock signals for a range of S-fold acceleration to 5-fold acceleration centering on 
4-fold acceleration. By utilizing the performance of the synchronizing clock generator 9 to a maximum extent, the 
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reproduction operation is performed by setting the disk rotation at a number of revolutions corresponding to a 3'fold 
acceleration for reproduction at tlie innennnost circumferential track {disk radial position of 25 mm), setting the disk 
rotation at a number of revolutions corresponding to a 5-fold acceleration lor reproduction at the outermost -circumfer- 
ential track (disk radial position of 58 mm) and setting the disk rotation at numbers of revolutions so as not to exceed 
^ the above-mentioned smallest and greatest numbers ot revolutions for reproduction at the intermediate tracks (in the 
hatched area in Fig. 2). Thus, data can be reproduced at all radial positions by changing the rotating vetocity for a 
range of 420 rpm from 1 070 rpm to 1 490 rpm. 

To be more specific, heretofore, it has been necessary to change the rotating velocity for a range of 11 30 rpm from 
586 rpm to 1986 rpm. However, according to the first embodiment of the present invention, it is possible to perform a 
^0 reproducing operation by secunng 4-fofd acceJeratJon on an average, and then limiting the rotating velocity change to 
less than 1/3 of the previous range of disk speed change as mentioned above. The correspondence between the disk 
radial position and the number of revolutions can be calculated by Eq. (A). 

The coordinated operation between the synchronizing clock generator 9 and the disk rotation controller 15 will be 
described by taking as an example a case of reproducing data from 25 mm to 41 .7 mm of the disk radial position. 

Suppose that the optical disk has reproduced the TOG area and is in a standby state, and that the disk radial 
position is 25 mm and the disk is rotating a1 the number of revolutions corresponding to 3-f old accelerated linear velocity 

The signal reproduced with the optical pickup 2 from the optical disk 1 is digitized into a binary signal by the 
reproduced signal detector 4. The synchronizing clock generator 9 generates a synchronizing clock for reproduction 
on the basis of the detected binary reproduced signal In step with the synchronizing clock obtained as described^ a 
data string reproduced from the optical disk is supplied to the signal processor 1 6. 

The analog rotation signal detected by the encoder 5 Is digitized by the waveform shaper 6 into a binary signal. 
In a range of radial positions from 25 mm to 41 .7 mm, from address information demodulated by the signal processor 
1 6, a number of revolutions command generator 1 3 makes a decisbn that data can be reproduced at a number of disk 
revolutions of 1490 rpm, and outputs the current number of revolutions comnnand of 1490 rpm (at a radial position of 
25 mm in 3-foki acceteration.) A pulse generator 1 4 outputs a pulse command corresponding to the above-mentkMied 
command value, and the phase comparator 11b detects a phase difference between the pulse command and binary 
rotation data from the waveform shaper 6. In response to output of the phase comparator 11b. the spindle driver 8 
controls the spindle motor 7 by supplying the pulse signal at a constant period. 

As described above, in reproducing from disk radial positions from 25 mm to 41 1 mm, data can be reproduced 
30 by heading a nurhber of disk revolutkns in 3-fold acceleration. 

Description will be made of access to the disk in the recording area exceeding a radial position of 41 7 mm. In the 
area exceeding the disk radial position of 41 7 mm, as is obvious from Ffg 2. by conXroWing the number of disk revo- 
lutions so that the linear velocity in 5-fold acceleration is constant, data can be reproduced with minimum changes of 
disk rotating velocity. For example, when the disk radial position is 50 mm, it is understood from Eq. (A) that reproduction 
55 is possible if the number of disk revolutfons Is controlled so as to be 1 241 rpm. To be more specific, in the disk recording 
area up to a radial position of 41.7 mm, the number of disk revolutions Is held at 1490 rpm, and in the area over 41 .7 
mm to 50 mm, the number of disk revolutions ts varied under a constant linear velocity control in 5-fold acceleration 
as calculated by Eq. (A). 

In addition, the operation in accessing the disk area toward the innermost-circumferential track will be touched on. 

40 On the basis of the current number of disk revolutions and the performance of the synchronizing clock generator, the 
number of revoiulions command generator 1 3, as mentioned above, makes a decision that reproduction is possible at 
1241 rpm up to the disk radial position of up to 30 mm, and outputs command values until the 1241 rpm is reached. 
When the disk area inside the disk radial position of 30 mm is accessed, as described above, the number of disk 
revolutions Is varied under a constant linear velocity in 3-fold acceleration, so that data reproduction is possible with 

45 the amount of changes of number of disk revolutions limited to a minimum. 

According to this embodiment, an optical disk apparatus for reproducing at constant linear velocity (CLV) data from 
an optical disk on which data strings are recorded, comprising a synchronizing clock generator 9 for generating a clock 
signal for use in reproducing data and a disk rotation controller 15 for controlling the number of optical disk revolutions, 
wherein the number of disk revolutions is selected according to the reproducing position of the disk, to be more specific, 

50 the number of revolutions is controlled at the current angular velocity {CAV, namely, at the current rotating velocity) if 
the reproducing position is in a range in which the synchronizing ckxk generator 9 can pull the reproduced signal into 
synchronism, but the number of revolutions is controlled at a constant linear velocity (CLV) to minimize the amount of 
changes of number of disk revolutions of pull-in-synchronization more than with the number of revolutions used until 
then if the reproducing position of the disk 1 is in a range exceedingthe range in which the synch ronizingctock generator 

55 9 can pull a reproduced signal Into synchronization. 

Therefore, the amount of changes of the number of spindle motor revolutions can be reduced when the reproducing 
position of the optical pickup 2 changes including its movement during a seek, for which reason the disk apparatus 
can be operated with low power consumption and shorter access time. 
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(Embodiment 2) 

A second embodiment o1 the present invention will be described with reference to the accompanying drawings. 
Frg. 3 is a block diagram of the optical disk apparatus according to a second embodiment of liie present invention. In 
s Fig. 3, reference numeral 1 denotes ar> optical disk, 2 denotes an optical pickup, 3 denotes a servo controller, 4 denotes 
a reproduced signal detector, 7 denotes a spindle motor, 5 denotes an encoder, 6 denotes a waveform shaper, 13 
denotes a rjumber of revolutions command generator, 14 denotes a pulse generator, 11a and lib denotes phase 
comparators, 8 denotes a spindle driver, 10 denotes VCO, 12 denotes a loop filter, 16 denotes a signal processor, 9 
denotes a synchronizing clock generator, and 1 5 denotes a disk rotation controller. Those components, being the same 
'0 as In the first embodiment, are designated by the same reference numerals and their descriptions are omitted. Refer- 
ence numeral 17 denotes an access controller for controlling an access action. 

With reference to Fig. 4, description will be made of the operation of the optical disk apparatus according to the 
second embodiment configured as described above. Fig. 4 is a flowchart of the operation in the second embodiment. 

When starting an access action, the access controller 17 sets a seek profile of a thread ixocn the current track to 
a target track. In addition, the access controller 17 calculates a disk radial position from the target track, and sets as 
a target a number of revolutions to maintain the current number of revolutions in a range where the synchronizing clock 
generator 9 can pull the reproduced signal into synchronism, and also sets as a target a number of revolutions to 
minimize the changes of revolutions in a range exceeding the range where synchronization is possible (Si). 

The access controller 1 7 outputs a seek conrwnand to the servo controller 3 (S2) and a number ot revolutions 
20 command lothe disk roiairon controller 15 (S3). 

Hereinafter, an ordinary access action is performed and after a rough seek action, a subQ is read (S4), the current 
track is confirmed and track correction calculation is perlormed (S5) 

Then, a track jump is done for track correction (S6), the subQ is read (S7). and the current track position is calculated 
(S8). Acceleration or deceleration of the velocity of the spindle motor 7 has been completed, the apparatus waits for 
2S the number of optical disk revolutions to reach a number of revolutions at which synchronization is possible (S9). 

By a seek command and a number o1 revolutions command being output simultaneously during a seek action as 
described above, a seek process and a rotating speed process in the present invention are executed simultaneously 
by which access time can be further shortened. 

As has been described, according to this embodiment, an optical disk apparatus for reproducing data stringsf rom 
30 an optical disk at a constant linear velocity (CLV), comprising a synchronizing clock generator 9 for generating a syn- 
chronizing clock signal for data reproduction, a disk rotation controller 15 for controlling the number of revolutions of 
the optical disk 1, and an access controller 17 for controlling an access action, wherein when an access action is 
initiated: a synchronizing clock generator 9, on the basis of the current number o1 disk revolutions and the target position 
to be sought, controls the number of revolutions so as to maintain the current number of revolutions (CAV) in a range 
35 where synchronization is possible, and sets a target number of revolutions to minimize the amount of changes of 
number of disk revolutions o1 pull-in-synchronization more than with the rotating velocity used until then in a range 
exceeding the range where synchronization is possible, and the access controller 17 issues a seek command, so that 
after a seek is done, data can be reproduced immediately and therefore the spindle motor can be driven with low power 
consumption and access time can be shortened sharply. 

40 

(Embodiment 3) 

A third embodiment of the present invention will be described with reference to the accompanying drawings. Fig. 
5 is a block diagram of the optical disk apparatus in the third embodiment of the present inventicn. In Fig. 5, refer^ce 

45 numeral 1 denotes an optical disk, 2 denotes an optical pickup, 3 denotes a servo controller, 4 denotes a reproduced 
signal detector, 7 denotes a spindle motor, 5 denotes an encoder. 6 denotes a waveform shaper, 13 denotes a number 
ot revolutions command generator, 14 denotes a pulse generator, llaand lib denote phase comparators. 8 denotes 
3 spindle driver, 10 denotes VCO, 12 denotes a loop filter, 16 denotes a signal processor, 9 denotes a synchronizing 
clock generator, and 1 5 denotes a disk rotatbn controller Those components, being the same as in the first embodi- 

50 ment, are designated by the same reference numerals and their descriptions are omitted. Reference numeral 18 de- 
notes a linear velocity detector for detecting the linear velocity of the optical disk when data is recorded on the optical 
disk. 

With regard to the optical disk apparatus according to this embodiment configured as explained above, its operation 
will be described referring to Figs. 6, 7 and 8. Figs. 6, 7 and 8 are diagrams showing the relation between the optical 
disk radial position and the number of revolutions by which reproduction is possible in a case where data is read out 
of both maximum and minimum linear velocity optical disks, a case where data is read out of only a maximum linear 
velocity optical disk, and a case where data is read out of only a minimum linear velocity optical disk, respectively using 
a wide-band synchronizing clock generator 9 adapted to from 3-fokl- to 5-fold-accelerated disk rotatkxi. 
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The optical disk linear vefocity in recording is distributed from 1.2 m/sec to 1,4 m/sec. Therefore, if the linear velocity 
of the optical disk used is not known, unless a disk speed is changed lor a range of 616 rpm from 988 rpm to 1604 
rpm, it is impossible to reproduce data from all radial positions. However, if the linear velocity of the optical disk used 
can be detected, data reproduction is possible for all radial positions for a range of 451 rpm from 1153 rpm to 1604 
5 rpm as shown in Fig, 7 with a maximum linear velocity disk, and also for a range of 388 rpm from 988 rpm to 1 375 rpm 
with a minimum linear velocity disk. 

Therefore, in this embodiment, the optical disk apparatus includes a linear velocity detector 18 for detecting the 
linear velocity of the disk used, and output of the detector 18 is used to calculate and correct the set range where 
synchronization is possible. 

w I n detecting the linear velocity, from the following equation , for example, it is possible to calculate the linear velocity 

at the innermost-circumferential track (disk reproducing position of 25 mm) by using the set N value and a measured 
f value. 
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V = (2 nr N)/(60 f/t) Eq. (B) 



where 



V : disk linear velocity at standard velocity [m^sec] 

50 r : disk radial position [m] 

N : number of revolutions [rpm] 

f : measured length of a frame (required time for a frame [^sec] 

t : 1 -frame time at standard velocity = 136 [jjisec] 

^5 As discussed above, according to this embodiment, an optical disk apparatus for reproducing data strings from 

the optical disk 1 at constant linear velocity, comprising a synchronizing clock generator 9 for generating a synchronizing 
clock signal for use in reproduction of data, a disk rotation controller 15 for controlling the number of revolutions of the 
optical disk 1 and a linear velocity detector 18 for detecting the linear velocity of the optical disk 1, wherein the disk 
rotation controller 1 5 calculates on the basis of output of the linear velocity detector 18 a range in which the synchro- 

^ nizing clock generator 9 can pull the reproduced signal into synchronism, and controls the number of revolutions at 
constant rotating velocity (CAV) in a range where synchronization is possible, and also controls the number of revolu- 
tions at a constant linear velocity (CLV) to minimize the amount of changes of number of disk revolutions of pull-in- 
synchronizations more than with the number of revolutions used until then in a range exceeding the range where 
synchronization is possible. 

3S Therefore, it is possible to precisely reduce the amount of change of number of spindle motor revolutions when 

the reproducing position of the optical pickup 2 changes, in such a manner as to suit the recording linear velocity of 
the disk used The results are that the apparatus can be driven with reduced power consumption and that access time 
can be shortened. 

40 (Embodiment 4) 

In the above description of the present invention, assumption was made that the optical disk 41 is of CLV recording 
system in which data is recorded at a constant circumferential velocity on each track. The CLV system can maximize 
the amount of information that can be recorded on an optical disk. The optical disk apparatus can also adopt the CAV 
^ (Constant Angular Velocity) for recording data at a constant angular vek3City of the optical disk. To read information 
recorded by the CAV system, the optical disk 41 needs to be rotated at a constant angular velocity In this case, the 
amount of data output varies with the radial position of The optical disk 41 . 

However, rotating the spindle motor at a constant angular velocity is effective in reducing power consumption. To 
utilize this feature of low power consumption of CAV, there is a case where switch over is made between CLV control 
so and CAV control in accessing data. This case will be described in detail In the foibwing. 

An optical disk apparatus according to a fourth embodiment of the present invention will be introduced with refer- 
ence to the accompanying drawings. Fig. 9 is a block diagram showing the composition of the optical disk apparatus 
according to a fourth embodiment of the present invention. In Fig, 9, reference numeral 41 denotes an optical disk 
storage medium (hereinafter referred to as the optical disk). Reference numeral 33 denotes a pickup including an 
ss opticaf unft 31 for applying a laser beam emitted by a laser beam emitting element (not shown) to the pit surface of the 
optical disk 41 , and a drive unit 32 for moving the optical disk 31 in a radial direction of the optical disk 41 

Reference numeral 34 denotes an RF amplifier to amplify an electric signal from the pickup unit 33 and supply an 
RF signal to a digital signal processor 37 (hereinafter called DSP for short) to be described later, in response to a 
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control signal from the DSP 37, an actuator driver 35 drives an actuator (not shown) of the pickup unit 33 to obtain an 
RF signal at a specified track position on the disk 41 Responding to a control signal from the DSP 37, the spindle 
driver 36 drives a spindle motor 39 for the optical disk 41 to rotate at a specified rotating velocity. 

On the basis of an RF signal, the DSP (digital signal processor) 37 controls the actuator driver 35 to move the 

^ focal point of the laser beam from the pickup unit 33 to a specified track position. In addition* the DSP 37 includes a 
PLL circuit and a servo control function lor controlling the spindle driver 36 to drive the optical disk 41 at a specified 
rotating velocity (a specified linear velocity, 4-fold acceleration for example, on the basis of RF signal). Furthermore, 
the DSP 37 includes a function to decode an RF signal and convert recorded information of the optical disk 41 into 
data. The PLL circuit has such a wide band as a pull-in range of more than +25% that pull-in is possible from 3-fold to 

10 5-fokJ acceleration centering on 4-fold acceleratk>n. 

Reference numeral 38 denotes an encoder to detect and encode the rotating velocity of the spindle motor 39 and 
outputs an encoded data on rotating velocity Reference numeral 42 denotes a speed controller including a speed 
detector 42a for detecting the rotating velocity of the spindle motor 39 from a signal from the encoder 38, a processing 
unit 42b for calculating rotation control output from the detected rotating velocity and a speed control signal from a 

-iS central processing unit (CPU) to be described later, and a PWM output unit 42c for outputtlng pulses to drive the spindle 
driver 36, and the speed controller 42 causes the spindle motor 39 to rotate at a constant rotating velocity (specified 
rotating velocity, in other words, specified rotating angular velocity) on the basis of a speed control signal from CPU 44. 

Reference numeral 43 denotes a selector to switch over between a spindle motor control signal from the speed 
controller 42 and a spindle motor control signal from the DSP 37 to control the spindle motor 39. 

20 Reference numeral 44 denotes a central processing unit (hereinafter called CPU) to perform the control function 

and control the conversion function of the DSP 37. The CPU includes a microprocessor 44a, a ROM 44b which contains 
fixed data such as programs, and a RAM 44c to permit any data to be written \n or read out and generally to temporarily 
store reproduced data or the like. 

Reference numeral 45 denotes recording area dividing means, and its hardware portran is stored in ROM 44b and 

2S RAM 44c and its software portion occupies a software block to realize the area dividing function. The area dividing 
means 45 divides the recording area on the optical disk 41 into a plurality of small areas located substantially at con- 
centric positions lying one after another in radial direction, and manages and controls information about division, that 
is, the innermost and outermost circumferential tracks of all spiral tracks, divided sectors, angular velocity in disk 
rotation, etc. 

30 The operation of thus structured optical disk apparatus according to the present invention will be described The 

present invention is intended to realize high-speed access and low power consumption by data access by changing 
between CLV control and CAV control depending on the radial position of the disk. Timing of changing between CAV 
control and CLV control will be described referring to the accompanying drawings. 

Fig. 1 0 shows the relatk^n between the disk radius and the rotating velocity in the fourth embodiment of the present 

35 invention. In Fig. 1 0, to access data on the inner circumference side, CAV control is performed, and to access data on 
the outer circumference side, CLV control is performed. Therefore, in the conventional system, it is necessary to change 
the rotating velocity in the range marked by A, but in this embodiment, desired data can be accessed by changing the 
rotating velocity in the much narrower range marked by B. Therefore, by reducing a difference between the rotating 
velocities at the outer and inner circumferences and reducing the amount of speed change of the spindle motor 39. 

40 data transfer rate differences can be reduced to a minimum, and requirements for high-speed access and tow power 
consumption can be compatible with each other 

Fig 11 is a rotation control flowchart in the fourth embodiment of the present invention. With reference to Figs. 10 
and 11 , the operation will be described. In the fourth embodiment, suppose that to simplify description, the lock r^ge 
of the PLL in the DSP 37 is set tod55%. This means that when 4-fold accelerated disk rotation is set at the center, it 

45 is possible to read data at 3-told acceleration up to 5-fold acceleration. 

The selector 43 is switched to the CLV control side by the DSP 37 (S1 1), the DSP 37 is set at 3-fold accelerated 
drive (S 1 2), and CLV control is performed (31 3). The spindle motor is started to cause the innermost-circumferential 
track of the optk^al disk 41 to rotate in 3-fold acceleration. 

When the linear velocity has reached 3-fokl acoeleratk)n, CPU 44 sets the speed controller 42 so that the disk 

50 rotates at the current rotating velocity (SI 4), and also switches the selector 43 to the speed controller 42 (SI 5), By 
these steps, it is possible to perform CAV control by which to rotate the disk at angular velocity of 3-fold acceleration 
at ah times (816). 

Thus, CAV control is performed for the inner circumference tracks. However, as the area to be sought becomes 
Wider toward the outer circumference, the optical disk radial positron rl which is equivalent to 6-fold acceleratkxi in CLV 
55 control is reached- Since the PLL lock range of the DSP is adaptable to 5-fold acceleration, in the outer circumference 
area from rl, CLV control in 5-fold acceleration is performed. 

Here, a decision is made whether or not the area of the optical disk to be accessed is beyond an address corre- 
sponding to rl (over 5-fold acceleration) (S17), and if the area to access is inside rl (equal to or less than 5-fold accel- 
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©ration), a jump occurs to step 1 6 to continue CAV control If the area to access is beyond rl, when the pickup 33 moves 
to the area of over 5-fold acceleration, the selector 43 fs switched to the side of control by DSP 37 (SI 8) to perform 
CLV control (S19). 

If a seek is made toward an inner circumference area, a decision is made on the basis ot the address of the 
5 destination whether the destination of seek is in the CAV area or In the CLV area (320), and if the destinatioi of seek 
is in the CAV area, a jump occurs to step 1 5 {S15) where the selector 43 is switched to the speed controller side, or if 
the destination of seek is in the CLV area, a jump occurs to step 1 9 (81 9) (the selector 43 is kept switched to the side 
of control by DSP 37) and data is accessed. 

10 (Embodiment 5) 

Fig. 12 is a diagram showing the relation between the disk radius and the number of revolutions in a fifth embod- 
iment of the present invention. In Fig, 12, m the innermost-circumferential area, the disk is rotated by CAV control in 
3-fold acceleration, in the area to be covered by CLV control in 4-fold acceleration (from disk radius r2 to r3), the disk 
IS is rotated by CLV control in 4'fold acceleration, and in the outermost circumferential area, the disk is rotated by CAV 
control in 5-fold acceleration. 

Therefore, in the conventional system, ii is necessary to change the rotating velocity in the range marked by A, 
but in the fifth embodiment, it is possible to access desired track by a far smaller range of speed change as marked 
by C. Therefore, by reducing the difference in rotating velocity between the inner- and outer-crrcumfer^tial areas and 
20 reducing changes o( speed of the spindle motor 39, the difference in data transfer rates can be minimized, and high- 
speed access and low power consumption can be made compatible. 

The control operation in this fifth embodiment are almost identical with the fourth embodiment with only one ex- 
ception that there are two disk radial positions r2 and r3 where control method is switched from one to another. There- 
fore, the controJ flowchart in Fig. 11 appJies to the fifth embodiment and its description is omitted. 

25 

(Embodiment 6) 

A divided areas CAV system will be described. As mentioned earlier, in CAV control, the optical disk 41 is rotated 
at a constant angular velocity. Thus, the elimination of speed change of the spindle motor 39 offers a salient effect of 

30 power consumption reduction. 

However, the reproduced amount of data varies with the radial position of the optical disk 41 , and a greater amount 
of data must be processed at high speed as the reproducing position moves toward the outer circumferential area. In 
these respects, some improvements are to be made. In this embodiment, the recording area of the optical disk 41 is 
divided into a plurality of areas lying one after another in radial direction, to the divided areas, CAV angular velocities 

35 are assigned which vary in steps from one area to another, and in each of the divided areas, CAV control is performed 
at its assigned angular velocity For simplicity's sake, the divided areas CAV system is described assuming that re- 
cording and reproduction are performed by rotating the optical disk 42 by the divided areas CAV system. 

Fig. 1 3 is a diagram showing divided areas of the optical disk 41 in a sixth embodiment of the present invention. 
An optcal d(sk41 is divided into five areas as shown in Fig. 1 3 by a dividing method of a basic division pattern previously 

40 stored in area dividing means 45. Then, data is distributed and recorded according to the division pattern. To be more 
specific, 51 denotes the innermost circumferentiaf area, 52, 53 and 54 denote the divided areas, and 55 denotes the 
outermost area. Fig. 13 shows an equi-distant area division by which the area is divided into equi-distant areas, but 
the area may be divided in equalni^apacity division by which the area is divided into equal storage capacities. However, 
even in the equal-capacity divisk^n, if the divided areas were divided as equr-distantly as possible, better use can be 

4S made of the characteristics o1 CAV control. 

Fig. 14 is a diagram showing the relation between divided areas and angular velocity in the sixth embodiment of 
the present invention. In Fig. 14, the angular velocities in accessing the areas are decided by the area dividing means 
15 as shown by the polygonal line 56. To be more specific, the angular velocity in the innermost area 51 is tol, the 
angular velocity in the area 52 is (»2, and similarly e)3 for the area 53, o>4 for the area 54 and coS for the area 55. Just 

so for reference, the straight line 57 represents the angular velocity of the optical disk 41 if the same areas were driven 
by CLV system. As is clear from Fig. 14, the difference in angular vekx;ity between the innermost and outermost cir- 
cumferential areas 51 and 55 is smaller for the polygonal line of CAV system than that for the straight line 57. 

With reference to Figs. 1 3 and 14, description will be made of the operation when access Is made to one (the area 
62 for example) of the divided areas. The area divkJing nneans 45 is cognizant of addresses of the innermost and 

ss outermost circumferences of the area 52, and so long as a track to be accessed exists in the area 52, notifies to the 
servo control function of the DSP 37 that access is being made at an angular velocity of (o2 in the area 52. The servo 
control function of the DSP 37 keeps rotating the the spindle motor 39 through the spindle driver 36 so that the pickup 
unit 33 can access the disk 41 . Therefore, the angular velocity of the spindle motor 39 need not be changed, but the 
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sedk action can be terminated onty by movement of the pickup unit 33. 
(Embodjmenl 7) 

5 Description will now be made of a switching system between CAV control and CLV control in the fifth embodiment, 

and also of combination with the divided areas CAV control in the sixth emiDodlment. Fig 1 5 is a diagram showing the 
relation between the disk radius and the rotating velocity in a seventh embodiment of the present Invention. Figs. 1 6A 
and 1 6B are diagrams showing the relation between the divided areas and the angular velocity Fig. 1 7 is a flowchart 
for explaining the correcting action in area division in the seventh embodiment of the present Invention. 
"io In Fig. 15, like in the fourth and fifth embodiments, in the innermost circtimfarential area, CAV control (area 61 ) ki 

3-fold acceleration is performed, in the area to be covered by CLV control in 4-fold acceleratk>n (area 62 at disk radial 
position of r4 to r5), CLV control in 4-fold acceleration Is performed, and in the outermost circumferentia! area, divided 
areas CAV control (areas 63, 64 and 65) is performed. 

As shown in Fig. 16A, the outermost circumferential area under CAV control is divided intothree areas 63, 64 and 
IS 65 equi-distantly separated from one another according to previously set data in the area dividing means 45 

Suppose that the recording capacity of the optical disk 41 is A (S31) and that the result of calculating the radial 
position of a required track lor recording A is rA (S32) 

On the other hand, it the dividing intervals previously decided in the area dividing means 45 is rD. the following 
relation holds. 

20 

(R - rsys = rD (R : disk recording area outemrK»6t dianeter) 
The number of divided areas for recording rA can be obtained as: 

2S 

(rA - rSyrD = m .... renr>aining capacity P 1 (S33). 

As shown in Fig. 16 A. the area width rP.lor recorctinglhe remaining capacity P is dbtained {S34)» v^ich is compared 
30 vvrth the dividing intervals rD (S35). 
If the result is 

rP < rD/2 (remaining capacity area width rP is less than 1/2 of the dividing intervals), as shown in Fig. 1 BB. without 
changing the number of divkJed areas m, 

as 

(rA - r5)/m 

is recorded as new dividing inteni^als (S36). 
If rP > rD/2 (remaining capacity area width is more than 1/2 of dividing intervals), 1 is added to the number of 
40 divided areas, 

(rA-r5)/(m + 1) 

45 is recorded as new dividing inten/als (S37). 

As mentioned above, in divided areas CAV control, the number of divided areas is varied according to the recording 
capacity, so that it is possible to provide an optical disk apparatus which can reduce the number of limes of changing 
the disk speed in reproduction, and which feature both low power consumption and high-speed access. 

According to the seventh embodinDent, when data is to be recorded on the optical disk, if on the outer circumferential 
so area there remains no more data to be recorded and the remaining recording capacity is a little more than the divided 
area, the dividing intervals can be corrected flexibly. The seventh embodiment has been described by taking as an 
example a case where the optical disk radius is divided at equal intervals. However, even in a case where the recording 
aroa is divided into equal recording capacities, it is needless to say that the dividing interval can be correctly. 

According to the present invention, in a range where the synchronizing ck>ck generator can pull the reproduced 
ss signal into synchronism, the disk rotation is controlled at constant angular velocity using the current number of revo- 
lutions, but in a range exceeding the range where synchronization is possible, the disk rotation is controlled at constant 
linear velocity (CLV) to minimize the amount of changes of number of disk revolutions o1 pull-in-synchronization, more 
than with the number of revolutions used till then. 
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The mode of control of disk velocity is changed according to the disk radial position. Data is accessed l^y switching 
over between CLV control of the spindle motor in which data is read at constant linear velocity and CAV control of the 
spindle motor in which the spindle rotation is constant. 

The embodied examples of the present invention have been described using the VCO circuit and PLL circuit, which 
s have a synchronization ^able range of ±25% so that tlie variable disk speed range is from S-fold acceleration to 5-fold 
acceleration. However, the present Inventbn is not to be construed as llmrted to the above-mentioned synchronization 
enable fange, but by using the s}m}\d^r control method, the present invention can be applied to variable velocity control 
with synchronization enabie range of +50% for a range from 2-fold acceleration to B-fold acceleration. 

Therefore, when the reproducing position of the optical pickup changes, the amount of diange of n umber o1 spindle 
^0 motor revolutions can be minimized, the spindle motor can be driven with low power consumption and access time 
can be shortened. The present invention can provide a disk apparatus with such superb characteristics. Data access 
is made possible with minimized diflerence in data transfer rates between the inner circumferential area and the outer 
circumferential area, by which high-speed access and low power consumption can be made compatible. 

Claims 

1. A method for reproducing data from an optical disk (1 ) by applying a laser beam to said optical disk, comprising 
the steps of: 

20 

generating a synchronizing clock signal for use in reproducing data from a reproduced signal such that a 
synchronization range of said synchronizing ckx^k signal is in a required permissible range with respect to a 
basic frequency, 

wherein data is reproduced in two ranges: in a range where said synchronizing clock signal generating step 
^■5 is capah}e of synchronization, said currently data-reproducing optical disk is controlled so that an angular 

velocity of said optical disk is constant (CAV control), and in a range exceeding said range where said syn- 
chronizing clock signal generating step is capable of synchronization, the currently data-reproducing optical 
disk is controlled so that the linear velocity at its reproducing position is constant and the amount of changes 
of the number of disk revolutions is minimum (CLV control). 

30 

2. A method of recording data on an optical disk (1 ) by applying a laser beam to the optical disk, comprising the steps 
of: 

on the basis of a radial posltk>n of the optical disk, providing an area for recording by controlling the rotation 
35 of said optical disk so that the linear velocity is constant, and an area for recording by controlling the rotation 

of said optical disk so that the rotation angular velocity is constant (CAV); and 
switching over between said CLV control and said CAV control in recording data on said optical disk. 

3. A method of reproducing data from an optical disk (1 ) by applying a laser beam to said optical disk, comprising 
^0 the steps of: 

generating a synchronizing clock signal for use in reproducing data from a reproduced signal such that a 
synchronization range of the synchronizing clock signal is in a required permissible range of at least ±25% 
with respect to a basic frequency 

^ wherein data is reproduced in two ranges: in a range where said synchronizing clock signal generating step 

is capable o1 synchronization, the currently data -reproducing optical disk is controlled so that the angular 
velocity fs constant (CAV control), and in a range exceeding said range where said synchronizing clock signal 
generating step is capable of synch ronizat bn> the optical disk is controlled so that the linear velocity of the 
currently data-r^roducihg optical disk at its reproducing position is constant and the amount of changes of 

5^ the number of disk revolutions is minimum (CLV control). 

4. A method of recording data on an optical disk (1), comprising: 

a photo-electric conversion step of applying a laser beam to an optical disk and converting a reflected beam 
55 from the disk into an electric signal and data; 

a rotating velocity control step of detecting a number of revolutions of a spindle motor (7) to drive said optical 

disk at a specified rotating velocity, performing servo control, and outputting a first motor control signal; 

a servo control step of servo-controlling said spindle motor (7) by outputting a second control signal to drive 
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the spindle motor at the specified rotating velocity on the basis of said electric signal; and 

a select step of switching over said first motor control signal and said second motor control signal by arithmetic 

process control 

wherein according to a radial position of said optical disk, a recording area of the optical disk where said 
B spindle motor is controlled so that the linear velocity is constant (CLV control), and a recording area where 

said spindle motor is contrdled so that the rotation angular vekx^ity is constant (OAV controt) are switched 
over by said select step and the data is recorded on said optical disk. 

5. A method of recording data on an optical disk (1 ), comprising the steps of: 

10 

photo-electric conversion for applying a laser beam to the optical disk and converting its reflected beam into 

an electric signal and data; 

rotating velocity control for detecting the number of spindle motor revolutions to drive said optical disk at a 
specified rotating velocity, performing servo control, and outputting a first motor control signal; 
servo control for outputting a second control signal and servo-controlling said spindle nnotor to drive the spincfle 
motor at a specified rotating velocity according to said electric signal; 

a select step of switching over said first motor control signal and said second motor control signal by processing 
control; 

an area dividing step of dividing a recording area of the optical disk into a plurality of areas lying substantially 
20 concentrically in radial direction, deciding angular velocities varying in steps Irom one divided area to another 

and controlling the spindle motor at an angular velocity of the divkJed area in each divided area; 
according to the areas divided by said area dividing step, providing an area for recording by controlling the 
spindle motor so that the linear velocity is constant (CLV control), and an area for recording by controlling said 
optical disk so that the rotation angular vek^city is constant (C AV control); and 
2S switching over said areas by said select step and recording data on said optical disk. 



6. An optical disk recording method according to Claim 5, wherein said area dividing step includes an area division 
correction for varying the number of divided areas according to recording capacity. 

^ 7. A method of reproducing data from ah optical disk (1 ) by applying a laser beam to the optical disk, comprising: 



a synchornization clock generation step of generating a synchronizing clock signal to reproduce data from a 
reproduced signal such that a synchronization range of the synchronizing clock signal ts in an allowable range 
of at least ±25% of a basic frequency; and 
3S an optical disk rotation control step of detecting the number of revolutions of said optical disk and controlling 

said optica] disk to a predetermined number of revolutions, 

wherein data Is reproduced in two ranges: in said optical disk rotation control step, two r^ges are provided 
on the basis the reproducing position of the optical disk, that is, in a range where said synchronization clock 
generatKHn step is capable of synchronization, the currently data-reproducing optical disk is controlled so that 
4o the angular velocity at its reproducing position is constant (CAV control), and In a range exceeding said range 

where said synchronizing clock signal generating step is capable of synchronization, the currently data-repro- 
ducing optical disk Is controlled by CLV control so that the linear velocity at its reproducing position is constant 
and the amount of changes of the number of disk revolutions is minimum (CLV control). 



a. A method of recording data on an optical disk (1 ), comprising the steps of: 



photo-electric converst<xi for applying a laser beam to an optk^l disk and converting its reflected beam into 
an electric signal and data; 

rotating vekx^ity control for detecting the number of spindle motor revolutions to drive sakJ optk:al disk at a 
SO specified rotating velocity, performing servo control, and outputting a first motor control signal; 

servo control for outputting a second control signal and servo-controlling said spindle motor to drive the spindle 
motor (7) at a specified rotating velocity according to said electric signal; 

a select step of switching over said first motor control signal and said second motor control signal by arithmetic 
process control; 

55 an area dividing step of dividing a recording area of the optical disk into a plurality of areas lying substantially 

concentrically in radial direction, deciding angular velocities varying in steps from one divided area to another, 
and controlling the spindle motor at a constant angular velocity of the divided area in each divided area: 
an area division correcting step for varying the number of divided areas according to their recording capacities. 
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wherein 

by said area division correcting step, said divided areas or said number of divided areas is varied according 
to their recording capacities; 

on the basis of divided areas divided by said area dividing step, providing an area for recording by controlling 
£ the spindle motor so that the linear velocity is constant (CLV control), and an area for recording by controlling 

said optical disk so that the rotation angular velocity is constant (CAV controO: and 

switching over said areas by said select step and recording data on said optical disk, or by using said area 
dividing step, varying said divided areas or said number of divided areas according to their recording capacities 
and recording data on said optical disk. 

10 

9. An optical disk apparatus comprising: 



a pickup unit (2) including an optical unit for applying a laser beam to an optical disk (1) and converting its 
reflected beam into an electric signal arKi a drive unit for nrKiving said optical unit in radial direction of said 
IS optical disk; 

a reproduced signal detecting means (4) for amplifying a signal from said pickup unit and outputting said 

reproduced signal; 

an optical disk rotating means (8) for driving said optical disk to a specified rotating velocity; 
signal processing means (16) tor controlling the whole optical disk apparatus; 
20 synchronizing clock signal generating means (9) for generating a synchronizing clock signal for use in repro- 

ducing data from a reproduced signal such that a synchronization range of said synchronizing clock signal is 
in a required permissible range with respect to a basic frequency; and 

optical disk rotation control means (15) for detecting a number of optica! disk revolutions, and in response to 
a command specifying the number of revolutions from said signal processing means, and supplying said optical 

2S disk rotating means with a control signal to control said optical disk to a required number of revolutions, 

wherein said optical disk rotation control means controls the rotation of said optical disk in two different control 
modes in two areas decided according to the reproducing position of said optical disk, that is, in a range where 
said synchronizing clocksignal generating means isc^sable of synchronization, the currently data-reproducing 
the optical disk is controlled so that the angular velocity is ccHnstant (CAV control) and in a range exceeding 

30 said range where said synchronizing clock signai generating means is cable of synchronization, the currently 

data- reproducing optical disk is controlled so that the linear velocity at its reproducing position is constant and 
the amount of changes of the number of disk revolutiCHis is minimum (CLV control). 



10, An optical disk apparatus comprising: 

36 

a pickup unit (33) including an optical unit (31) for applying a laser beam emitted from a laser beam emitting 
element to an optical disk (41) and converting its reflected beam into an electric si^aL and a drive unit (32) 
for dfp^ing said optical unit in radial direction of said optical disk; 

an RF amplifier (34) for amplifying a signal from said pickup unit and outputting an RF signal; 
40 a spindle driver (36) for driving a spindle motor to a specified rotating velocity; 

sen/o control means (37) for outputting a second spindle motor control signal to control said spindle motor to 
a required linear velocity of said optical disk on the basis of said RF signal, and sen/o-controlling said spindle 
driver; 

a processing unit (44) lor controlling said servo control means; 

a speed controller (42) for detecting a number of revolutions of said spindle motor, and outputting a first spindle 
motor control signal to control the spindle motor to a specified angular velocity; and 

select means (43) for switching over between said first and second spindle motor control signals by control of 
said processing unit, wherein said processing unit, according to the radial position of said optical disk, switches 
over by means of said select means to record data on said optical disk between an area for controlling the 
spindle motor by CLV control so that its linear velocity is constant and an area for controlling the spindle motor 
by CAV control so that its angular velocity is constant. 

11. An optical disk apparatus comprising: ' • 

a pickup unit (2) including an optical unit for applying a laser beam to an optical disk (1) and converting its 
reflected beam into an electric signal and a drive unit for moving said optical unit in radial direction of said 
optical disk; 

a reproduced signal detecting means (4) for amplifying a signal from said pickup unit and outputting said 
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reproduced signal; 

servo controf means (3) for driving said optical unit so that said laser beam is focused al a specified position 
of said optical disk; 

optical disk rotating means (8) for driving said optical disk to a specified rotating velocity 
signal processing means (16) for controlling the whole optical disk apparatus; 

synchronizing clock signal generating means (9) for generating a synchronizing clock signal for use in repro- 
ducing data from a reproduced signal such that a synchronization range of said synchronizing clock signal Is 
in a permissible range of at least ±25% with respect to a basic frequency; 

optical disk rotation control means (15) for delecting a number optical disk revolutions, and in response to a 
command specifying the number of revolutions from said signal processing means, and supplying said optical 
disk rotating means with a control signal to control said optical disk to a required number of revolutions, 
wherein said optical disk rotation control means controls the rotation of said optical disk in two different control 
modes in two areas decided according to the reproducing position of said optical disk, that is, in a range where 
said syndironizing chxk signal generating means. Is capable off synch ionization, the currently data-reproduc- 
ing optical disk is controlled so that the angular velocity is constant (CAV control) and in a range exceeding 
said range where said synchronizing clock signal generating means is capable of synchronization, the currently 
data-reproducing optical disk is controlled so that the linear velocity at its reproducing positicri is constant and 
the amount of changes of the number of disk revolutions is minimum (CLV control). 

12. An optical disk apparatus comprising: 

a pickup unit (33) including an optical unit (31) for applying a laser beam emitted from a laser beam emitting 
element to an optical disk (41) and converting its reflected beam into an electric signal, and a drive unit (32) 
for nrK>ving saki optk^l unit in radial direction of said optical disk; 

an RF amplifier (34) for ampHfying a signal from said pickup unit and outputting an RF signal; 

an actuator driver (35) for driving said optical unit so that said laser beam is focused at a specified track position 

on said optical disk; 

a spindle driver (36) for driving said spindle motor to a specified rotating velocity; 

servo contrc^ means (37) for, on the basis of sakJ RF signal, outputting a secorKi spindle motor control signal 
to control said spindle motor rotation to a specified linear velocity of said optical disk ^d servo-controlling 

said actuator driver and said spindle driver; 

a processing unit (44) for controlling said servo control means and the whole apparatus; 
a speed controller (42) for detecting the number of revolutions of said spindle motor and outputting a first 
spindle motor control signal to control the spindle motc^ rotation so that the angular velocity is constant; 
select means (43) for switching over between said first and second spindle motor control signals by control of 
said processing unit, wherein said [processing unit, according to the radial position of said optical disk, switches 
over by means of said select means to record data on said optical disk between an area for controlling the 
spindle motor by CLV control so that its linear velocity is constant and an area for controlling the spindle mc^or 
by CAV control so that its angular velocity is constant. 

13. An optical disk apparatus comprising: 

a pickup unit (2) including an optical unit for applying a laser beam to an optical disk (1) and converting its 
reflected beam Into an electric signal and a drive unit for moving said optica! unit In radial direction of said 
optical disk; 

a reproduced signal detecting means (4) tor amplrfying a signal from said pickup unit and outputting said 
reproduced signal; 

servo control means (3) for driving said optical unit so that said laser beam is focused at a specified position 
of said optical disk; 

optical disk rotating means (8) for driving said optical disk to a specified rotating velocity; 
signal processing means (16) for controlling the whole optical disk apparatus; 

synchronizing clock signal generating means (9) for generating a synchronizing clock signal for use in repro- 
ducing data from a reproduced signal such that a synchronization range of saki synchronizing ck^ck signal Is 
in a permissible range of at least +25% with respect to a basic frequency; 

optical disk rotation control means (15) for detecting a number of optical disk revolutions, and in response to 
a command specifying the number of revolutions from said signal processing means, and supplying said optical 
disk rotating means with a control signal to control said optical disk to a required number of revolutkxis; 
reproduction operation control means for controlling a reproduction operation In response to an operation 
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command from said signal processing means; 

wherein when starting a reproduction operation, said optical disk rotation control means, on the basis of the 
reproducing position of said optical disk, controls the optical disk rotation by CAV control so that the angular 
velocity of said optical disk currently under control of said optical disk rotation control means is constant In a 
range where said synchronizing clock signal generating means is capable of synchronization (CAV control), 
and controls the optical disk rotation so that the linear velocity at the reproducng position of the optical disk 
heretofore under control of said optical disk rotation control means is constant and the changes of the number 
of revolutions of said optical disk are minimal (CLV control), and wherein said reproduction operation control 
means supplies a seek command to said servo control means. 

14- An optical disk apparatus comprising: 

a pjckup unit (2) including an optical unit lor applying a laser beam to an optical disk (1) and converting its 
reflected beam into an electrk: signal and a drive unit for moving said optical unit in radial direction of said 
optical disk; 

a reproduced signal detecting means (4) for amplifying a signal from said pickup unit and outputting sard 

reproduced signal; 

servo control means (3) for driving said optical unit so that said laser beam is focused at a specified position 
of said optical disk; 

oplical disk rotating means (8) for driving said optical disk to a specified rotating vekx:ity; 
signal processing means (16) for controlling the whole optical disk apparatus; 

synchronizing clock signal generating means (9) for generating a synchronizing clock signal for use in repro- 
ducing data from a reproduced signal such that a synchronization range of said synchronizing clock signal is 
in a permissible range of at least ±25% with respect to a basic frequency; 

optical disk rotation control means (15) for detecting a number of optical disk revolutions, and in response to 
a command specifying the number of revolutk^ns from said signal processing means, and supplying said optical 
disk rotating means with a control signal to control said optical disk to a required number of revolutions; and 
linear velocity detecting means (18) for detecting a linear velocity of the optical disk rotation and notifies a 
detection result to said signal processing means; 

wherein said signal processing means, on the basis of a detection result from said linear velocity detecting 
means, calculates a range where said synchronizing clock signal generating means allows a reproduced signal 
to be subjected into pull-in-synchronization, and wherein said optical disk rotation control means, on the basis 
of the reproducing position of said optical disk, controls the optical disk rotation so that the angular velocity of 
the optical disk rotation currently under control of sakd optical disks rotatk^n control means is constat (CAV 
control) in said pull-in-synchronization range calculated by said signal processing means, and controls the 
optical disk rotation so that the linear velocity at the reproducing position of the optical disk heretofore under 
control ol said optical disk rotation control means is constant and the changes of the number of revolutions of 
the optical disk are minimal in a range exceeding said synchronization-possible range calculated by said signal 
processing means (CLV control). 

15. An optical disk apparatus comprising: 

a pickup unit (33) including an optical unit (31) for applying a laser beam emitted from a laser beam emitting 
element to an optcal disk (41) and converting Its reflected beam into an electric signal, and a drive unit (32) 
for moving said optical unit in radial direction of said optical disk; 

an RF amplifier (34) for amplifying a signal from said pickup unit and outputting an RF sl^al; 

an actuator driver (35) for driving said optical unit so that said laser beam is focused at a specified track position 

on said optical disk; 

a spindle driver (36) for driving said spindle motor to a specified rotating velocity; 

servo control means for, on the basis of sard RF signal, outputting a second spindle motor control signal to 
control said spindle rTK>tor rotation to a ^^ecificd linear velocity of said optical disk and servo-controlling said 
actuator driver and said spindle driver; 

a processing unit (44) for controlling said servo control means and the whole apparatus; 

a speed ccxitroller (42) for d^ecting the number of revolutions of said spindle motor and outputting a first 

spindle motor control signal to control the spindle motor rotation to a specified rotating velocity; 

select means (43) for switching over between said first and second spindle motor control signals by control of 

said processing unit; 

area dividing means (45) of dividing a recording area of the optrcal disk into a plurality of areas lying substan- 
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tially concentrically in radial direction, deciding angular velocities varying in steps from one divided area to 
another, and controlling the spindle motor at a constant angularvelocrty of the divided area in each divided area, 
wherein said processing unit causes said select means to switch over between an area for recording by spindle 
nnotor control (CLV control) performed so that the linear velocity is constant and an area for recording by 
s spindle motor control (CAV control) performed so that the spindle motor rotates at a constant angular velocity, 

and data is recorded on the optical disk. 

16. An optical disk apparatus according to Claim 15, wherein said area dividing means (45) varies the divided areas 
or the number of divided areas according to recording capacities. 

10 

17. An optical disk apparatus comprising: 

a pickup unit (33) including an optical unit (31) for applying a laser beam emitted from a laser beam emitting 
element to an optical disk (41) and converting its reflected beam into an electric signal, and a drive unit (32) 
for driving said optical unit in radial direction of said optical disk; 

an RF amplifier (34) lor amplifying a signal from said pickup unit and outputting an RF signal; 

an actuator dnver (35) for driving said optical unit so that said laser beam is focused at a specified track position 

on said optical disk; 

a spindle driver (36) for driving said spindle motor to a specified rotating velocity; 
20 servo control means (37) for, on the basis of said RF signal, outputting a second spindle motor control signal 

to control said spindle motor rotation to a specified linear velocity of said optical disk and servo<:ont rolling 
said actuator driver and said spindle driver; and 

a processing unit (44) for controlling said servo conlroJ means and the whole apparatus; 
a speed controller (42) for detecting the number of revolutions of said spindle motor and outputting a first 
25 Spindle motor control signal to control Vne spindle motor rotation to a specified rotating velocity; 

select means (43) for switching over between said first and second spindle motor control signals by control of 
said processing unit; 

area dividing means (45) for dividing a recording area of said optical disk into a plurality of areas, deciding 
angular velocities varying in steps from one divided area to another and controlling the spindle motor at a 

30 constant angular velocity of the divided area in each divided area; 

area division correcting means for varying the number of divided areas according to recording capacities, 
wherein said processing unit causes said select means to switch over between an area for recording by spindle 
motor control performed so that the linear velocity is constant (CLV control) and an area for recording by 
spindle motor control performed so that the spindle motor rotates at a constant angular velocity (CAV control), 

35 and data is recorded on the optical disk, and wherein said area division correcting means varies said divided 

areas and said number of divided areas according to recording capacities. 

18. An opticai disk recording medium on which data is recorded as specified in Claim 17. 
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FIG. 8 
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(57) An optical disk apparatus which can with high- 
speed access and low power consumption reproduce 
data recorded thereon at constant linear velocity and 
which, if used as a writable type, can record data by us- 
ing CAV control and CLV control in combination, with 
nnuch Improved high-speed access and low power con- 
sumption. The optical disk apparatus comprises a re- 
produced signaf detector (4) which digitizes a repro- 
duced signal from an optical disk (1 ), a broadband syn- 
chronizing clock signal generator (9) for generating a 
synchronizing clock signal for use in reproducing data, 
a signal processor (16) for processing signals, and a 
disk rotation controller (15) tor controlling the optical 
disk by switching control modes according to the repro- 
ducing position ol the disk, that is, performing CAV con- 
trol using the constant rotating velocity which is the 
same as the current rotating velocity in a range where 



the synchronizing dock signal generator allows a repro- 
duced signal to be subjected to pull-in-synchronization> 
and performing CLV control so that the linear velocity Is 
constant to minimize the pull-in-enable changes of 
number of revoiu- tions in a range exceeding the pull- 
in-synchronization range, by which arrangement the 
amount of change of number of spindle motor revolu- 
tions when the reproducing position of the optica! pickup 
changes is minimized, thus further reducing power con- 
sumption and access time. The optical disk apparatus 
comprises a selector (43) to switch over the control sys- 
tems, and area divkdlng means (45) to manage the di- 
vkJed areas, and while switching over CAV control and 
CLV control, records data, and varies the divided areas 
or the number of divided areas in CAV control according 
to recording capacities, so that lower power consump- 
tion and higher-speed access can be realized. 



FIG. 1 



CO 

< 

o 

Q. 
UJ 




PrWe<tby Jouve, 75001 PARIS (FR) 



SDOaCt <:EP ^07515t4A3j_> 



EP 0 7S1 514 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Aftpticatlon Number 

EP 96 30 4662 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Colegory 



Citation of ciocument wrLh indtcalion, whore qppiopri^e^ 
ol relevant passages _ 



Relevant 
to dajm 



CLASSIFtCAHON OF THE 
APPUCATION (tnLCI.6] 



WO 96 34387 A (PHILIPS ELECTRONICS NV 
;PKILIPS NORDEN AB (SE)} 

* the whole documerit * 

EP 0 599 628 A (SONY CORP) 

* the whole document * 

US 5 136 56G A (HANGAI TOSHIMASA ET AL) 

* the whole document 



US 5 446 724 A (TABE KOI CHI 
* abstract * 



ET AL) 



1-18 



1-18 



1-18 



1-18 



G11B19/28 



TECHNICAL FIELDS 
SEARCHEia (tntCI.B) 



GilB 



Tho prssenl aearch repori has been drawn up for all daims 



THE HAGUE 



Dole of oampMnn ol the t&vch 

2 December 1997 



Exaniner 

Benfield, A 



CATEGORY OF CfTED DOCUMENTS 

Y : padioularlv inelevant rf oonibitwd wAh anothef 

dDCiiment ol Ihe e^me catogory 
A : technologisal background 
<!> : non-writteh tSsabtijre 
P : irtteimediale doaumerrt 



T : th«ory or princ^ undviiying th* inwnicn 
E : ttarlier patent documvnt lNitpilM*h«<l on, or 

after thfr fining date 
D : liocunwnt ci»d in tNe Apfititation 
L : document ejft«d for other reasant 

S : m*niib«r of thft «ame paterrtfainav, «oiTe«p«ftding 
documsnt 



WSDOC1D: <EP_0761614A3J_> 



2 



